This study investigates the trends and uncertainty of the impacts of climate change on paddy rice production in the Geumho river basin. The Long Ashton Research Station stochastic Weather Generator (LARS-WG) was used to derive future climate data for the Geumho river basin from 15 General Circulation models (GCMs) for 3 Special Report on Emissions Scenarios ( 
I. Introduction * Rice (Oryza sativa) is grown in a wide range of climatic conditions, from river deltas to mountainous regions across the world (Seck et al., 2012) . The optimum temperature for the normal development of rice ranges from 27 to 32 °C and it is widely accepted that climate change affects global agriculture through rising temperatures (Kumar et al., 2012) .
Impacts of changing precipitation regimes and increased atmospheric carbon dioxide (CO 2 ) levels on rice yields vary across spatial and temporal scales (Ye et al., 2013 effects of climate change on rice production are of particular concern in most of Asia because it is the staple food (Zhang et al., 2010) . The capacity to make regional yield prediction before harvest is important in many aspects of agricultural decision-making (Wang et al., 2010) . Most cropweather models are applicable to individual plots but can be broadly applied to larger scales based on their capability to interpret the impacts of weather variability on crop status and the projected yield at a regional basis (Yun, 2003) .
Crop models including AquaCrop (Raes et al., 2011) , can be used to evaluate the future impacts of climate change on crop development, growth and yield by combining future climate conditions obtained from GCMs (Nkomozepi and Chung, 2011 ).
In models, phenological crop development is controlled by the cumulative daily mean temperature above a minimum threshold value and higher temperatures shorten the length of successive rice crop stages and consequently the total rice crop cycle (Supit, 2012) . In a previous study, the paddy irrigation water requirement was predicted to increase by between 1.1 to 7.9 % as a result of climate change in the Geumho river basin . The objective of this study was to extend the previous study and to assess the trends and uncertainty of rice yield predictions given by multiple GCMs for the Geumho river basin.
II. Material and Methods

Study Area
The field data are representative of various experiments conducted in paddy fields near Daegu, the Republic of Korea (35° 45' N, 128° 45' E) which lies in the Geumho 
Climate Data
The change factor statistical adjustment and downscaling technique has previously been applied in related studies (Chung, 2010; Chung and Nkomozepi, 2012 ) were adopted as the baseline period.
The observed weather data is used to determine the parameters that specify the probability distributions of weather variables and their correlation coefficients used in LARS-WG. Future climate data were then generated stochastically by perturbing the baseline climate with the outputs from the GCMs using LARS-WG. The LARS-WG model simulates precipitation occurrence using a two-state, first order Markov chain: precipitation amounts on wet days using a gamma distribution; temperature and radiation components using first-order tri-variate auto-regression that is conditional on precipitation occurrence (Semenov and Barrow, 1997). 15 GCM (listed in Table 3 
AquaCrop Model
AquaCrop model has a structure that overarches the soil-plant-atmosphere continuum. It includes the soil, with its water balance; the plant, with its development, growth and yield processes; and the atmosphere, with its thermal regime, rainfall, irrigation, evaporative demand and carbon dioxide concentration. Additionally, some management aspects are explicitly considered, as they will affect the soil water 
AquaCrop Model Output Adjustment and Evaluation
Despite the lack of consensus and comprehensive guidance to facilitate AquaCrop model evaluation in terms of the accuracy, model results are used for assessment on different temporal and spatial scales. Model calibration and validation is required and generally involves the alteration of parameters to compare simulated values with observed values (Tragoolram et al., 2011 ). The AquaCrop model, when calibrated and validated is suited for studies of future climate change because of its descriptive realism and reasonably good predictive power shown in various environments (Nkomozepi and Chung, 2011) 
KOSIS).
AquaCrop simulated rice yields (YAC) for the study area were generated by AquaCrop using the best possible available input data for each year from 1982 to 2010 representative of the Geumho river basin. It was assumed that the Ya and YAC could be fitted to second order polynomial equations as a function of time and were related by a factor K, also a function of time (year) as shown in equation 1. An iterative procedure was carried out to derive K and transform Y AC to be closer to Y a .
where   is the actual yield,   is the simulated yield,
 is a transformation function of year. A function derived for K for 1982-2000 was validated for 2001-2010 and the process repeated until a satisfactory function which would be applied in the future simulated data were obtained. The final K adjusts YAC to Ys, which would be used in the assessment of future rice yields in the study area. While it is known that a good performance at simulating the Ya does not guarantee that future simulations will be accurate, the calibration, evaluation or simple adjustment processes increase the likelihood that the future simulation values will be accurate and reliable. Commonly used statistics such as the index of agreement (IoA), prediction efficiency (R 2 ), percent bias (PBIAS), root mean square error (RMSE) and a visual technique were used to evaluate the adjusted AquaCrop simulated yield values (Equations 2 to 5).
where n is the number of pairs of observed (  ) and adjusted simulated (  ) rice yield data,  ′  and  ′  are the respective residuals.
III. Results and Discussion 
AquaCrop Model Output Adjustment and Evaluation
The results reveal an increasing trend in both the actual and AquaCrop simulated rice yields for the period 1982- Fig. 3 The GCM predicted changes in rainfall and mean temperature and 0.96 respectively after adjustment (Fig. 4) . Longer period mean values were almost identical.
Rice Yield and Water Productivity
There is strong agreement between the 15 GCMs on the future rice yield as shown in Table 2 and ) is defined by Kassam and Smith (2001) as the ratio of the rice yield to the water consumption by evapotranspiration. There was little variation in changes in the WP across the GCMs and it was also predicted to increase in the future (Fig. 6 ). Generally WP is impacted by the changes in crop water requirements and simulated marketable yield. The highest increase was in 2090s A1B (57 %) and the lowest increase was 2020s A1B (11 %). This is beneficial because to meet the food requirement, crop management must adapt to climate variability, for example, by using crops that produce more biomass per amount of water used at the plant and the ecosystem levels (Tallec et al., 2013).
Uncertainty in the Predicted Rice Yield
The mean and standard deviation (SD) of the simulated future paddy rice yield are shown in Table 3 . As pointed out in the previous section, the yield was predicted to increase in the future. The SD, an indicator of variability and uncertainty, was predicted to increase in the future within each emissions scenario. The A1B shows the largest uncertainty in all time slices with SD of 0.148, 0.189 and 0.173 t ha -1 for the 2020s, 2050s and 2090s, respectively.
However, when the yields from all scenarios are compared, the standard deviation is shown to decrease although it is still much greater than the intra-scenario standard deviation. Due to time and computational limitations, monthly values were used in this study and therefore extreme values in future climate scenarios are leveled off. The difficulty in accurate prediction of the potential impacts of climate change to yields further adds to the uncertainty. This study only 
IV. Conclusion
This study presented predictions of the impact of climate change on rice yields using climate data generated by 15 GCMs. The AquaCrop model was successfully statistically calibrated (adjusted) for the 1982 to 2010 climate. In general, regardless of the SRES scenario the rice crop was predicted to benefit from the increasing temperature and atmospheric CO2 concentration. There is strong agreement between the 15 GCMs on the future rice yield and the average projected increase in the rice yields is 21 %, 34 % and 43 % for the 2020s, 2050s and 2090s, respectively from the baseline of 6.95 t ha yields could increase by up to 51 % and water productivity by up to 57 %. Although the research has reached its aims, there were some unavoidable limitations which were addressed by the assumptions of uniform variety and management practices in all farms in the study area and in the future. The study focuses solely on the impact of climate change therefore further research should address other factors affecting crop yield.
